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Executive Summary

This program was divided into two sections involving two separate kinds of
experiments: The first involved an investigation into the possibility of
twinning in complex structures by inhomogeneous shears (without shuffles)

possibly involving synchroshear, as we found to be important in HfV,. We
suspect that this is quite a general mechanism. The second was an
experimental investigation into the (low) temperature-stress regime within
which twins nucleate. Both of these programs also involved extensive use of

electron microscopy.

The results to be summarized here are fully described in the publications in
the attached package of reprints, and therefore the results will only be briefly

summarized.

The impetus of the program was the observation that a particalar cubic Laves
phase compound based on HfV, + Nb was found to be capable of plastic
deformation at room temperature and that the deformation mode is
mechanical twinning. This is quite surprising because of the complex atomic
arrangement in the Laves phase which would normally be expected to be
incapable of such coordinated atomic motions. There are two choices in the
usual way of looking at the process: either the homogeneous atomic motions
are relatively small during twinning, the same as in fcc materials, but in this
case there also must be substantial atomic shuffles, i.e., the interchanging of
atoms while the process continues. The other choice is that the homogeneous
atomic motions are very large, four times as large as in fcc materials, but such
large motions are normally thought to be impossible. We decided that neither
way is correct. Rather, the shears are inhomogeneous, such that some atomic
positions undergo shear while others move as blocks, the net result of which
is a twinning shear.

If this way of looking at the process is correct, then certain predictions can be
made about the twinning: If the shear is inhomogeneous, then the plane of
mirror symmetry should be a particular set of planes in the structure, and this




was found to be the case, using high resolution TEM. Second, if the twinning
process involves shuffles, then these shuffles should be a diffusion-like
process and should become very sluggish at low temperatures. We did flow
stress measurements down to 4K and found that the twinning process is
active all the way down to at least 77K, strongly suggesting that shuffles are
not part of the process.

As a result, we were able to demonstrate for the first time that the
synchroshear process actually appears to be the mechanism by which
twinning occurs in this material. Prior to this work, there had been no
experimental work that supported this interpretation.
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